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vo]~~]]l[?  ]]]ix~,,g  ]~Lti~ lJ]ofj]cs Of O]ga]]jc  (CJrC]~, c~F~Cl~, (llll<’q(;l,  C1’’ZC;1CF(;1Z,  CF’4 ,

SI”G) md inorganic  (HF,  CO}+’Z) fluorine  s]wcicx llaw lmeII  deriwd frmn  a smim  of lligll-

~ molutio]]  infrard  solar  s])c:d,ra rwcmlcd  by tile J] ’I, hlk  IV illtc!rfcrc)l]lctc:r during a

Sq)t,mllwr ] 9 9 3  lmlloml  flight f r o m  Ft. Su]nncu, New Minim  (34°  N;  104° W) .  Tile

total  fluorine  I)udgd  mm the 6 - 3 9  k m  alt ituclc  ] ange has btmi  cwaluatd  by adcliug

tlllwc iudiviclllal IIiwlsurcxl  ]Jrofilm to II]OCIC1  ])rdic:tic)lls  for tllc ulIIIIc:asuIwl  il]orgallic gas

C; OI’’C;1 (cmlsidcwd  to I)c> at most 6’% of the total i]]orgauic fluori]]e I)udgd).  ‘1’11(: ]IlmlI

total inorganic  fluorine  abow 35 km was found to lm 1 .34+0  .06 ])])l)v (])arts  ])cr billio]l

I)y volume.), in agrwmcmt  wit]) the value (1 .32 pI)ln~)  i]]fwd fro]l] a till~c:-clc])[:llclc]lt,

t~}’c)-(lilll(>l]sic)]lill  Inodcl. ~’hc results for total flue] inc indicat(.  a stmdy  dmmasc: of its

volu Inc ]I]ixillg  ratio, with il]crcasing  altitude, fro]]] a tfrol)osl)l]c!]i(:”  value of almut  1.88

]q)bv to 1.17 ])])1.)v at, 40 kin. ‘1’1][!  autumn  19!33 stratos])hmic I)uflgc!t  of inorganic fluorine

is Cc))lll]lcllslll”zltlc  with  tJ1c)l)c)sl)llc:l.ic  va]ucx of fluori~ie  Collmlltrai  io~ls  rc:rmrtd ill tllc late!

1 980’s. ‘1’h(wfom, tllc “mc:a]l  age” of the st] atos])ll~ric airll]ass  csti]llatml  frml] the h4klV

fluori]ic’  I)lldgc:tl  (5-6 ymrs) is ill g;oml  agrm]llcvlt wi th  nlodd sillllllatiolls  (5-7 years)  and

l.(~~ellt,  A’J’MOS ]]]e:isllr[>~]le]lts.



~’llc aillnosl)llcric  lifetimes of

Oroclllol”[)(:al”l.  )olls” (11 CIVS) arc!

IN’Jl{c)])LJC~’lJoN

most Clllol”ofll  lorocarl)olls  ((NW’S) and llydrdl  (l-

sufficicmlly’  loll~, to zdlow  Illclll to IJC tl-alls])ortld

to the: stl>atc)sl)llel>  c3\t’11(:1.c: tllcir Cl]lorilic  afoms am rmllovd , and thml ]JartliciImtc

in tile mtlalytic  dmtlruction  o f  oxonc. Pktimat m o f  tllleir (Ic)]lcclltlatfic)]ls  in tfllc

stlratosl)hcrc  arc tlhcmforc  required to accuratc]y  prdict  tllcir future illll)acts  and

hcllc~ dctmnillc  tllc cmissio]l  reductions ]lcccssary  to stal )ilizc ])mscnt amounts .

hnoval  of fluorillc  atoms from Cl’’C’s and 11 Cl’’C’s  is Illorc difficult tllall  clllo-

rinc and so tile fluori]lc  arc generally rclcascd  in tlllc later stlagcs  of tlllc 1 )rcakdowrn

and at l~igl)cr a l t i t u d e s . Ulllikc atomic  chlori]lc  and 1~]’olnillc, t h e  r e a c t i o n s  o f

a t o m i c  f l u o r i n e  w i t h  C/114 and ]120 am I’cry filstl and fluori))c is tlllus  cfficic])tly

rcmovd  to form llydrogm  f] Iloridc (H]”)  and tlllcrcfom dots not lx-wticilmtc  in any

catalytic cyc]c il~at sigllifical)tly  dq)lctcs  ozone [StolarskZ ond Itundcl,  1975].  I IF

is imlnune  to attacks  l.rj st,ratosphcric  fmc radi(als,  cxcq)i  for the lligllly  rcactivc

and wry t,racc spmics  0(11)),  and r a d i a t i o n  1(:ss tl~a]l 16b llm wavdmlgtll  and

thmcforc  mnnot,  l~c rmydd lmck  to active  fluorine. l“ll]-tll(:l-]llc)l-c,  111’”s insolubil-

it,.y in sulfuric acid makes it, il~capablc  of participating ill llct,crogcmcous  reactions

])roducil]g  active F’-co]]tailli]]g  spccics  [}1a7MoT/  and I/at)islt[Ll/kcLTcl,  1992] and  i s

gcl~crally  l)dicvd not to lead to catalytic ozol  lc dcstructlio]l. Rwmtl  discussions

on tllc ~)roductfion  of C173 radicals from llCFC  [lccoml~osition  and its l)otcntizd  to
.

cailalytlically  dcstlroy ozone,  ana logous  to tllc 011 and 1102 rcadions  witlll o z o n e ,

l~avc  also bcm clclllollstlratlc>(l  to bc ncgli~iblc  [Ko d al., 1 994].

‘J’llc CII’C’S and II CI{’C’S arc strong nlid-i]lfl ad alxorl)ers and can cause.  sig-

nificant,  radiative forcing of tllc surface-trol)osj )hcrc systlmn.  Coupled with other

long-lived and ‘(well-lnixd” greenhouse ~;ascs ( C02, Cl 1 ~, N2 O, c:tc. ) tllc d~angc>

ill llctl irradiallcc  at tlllc tlro])ol)ausc bdwccll  tllc years 1980-1990 was al~outl  0.45

w i n-2 , almost  four ti)ncs  bigger tlhml tlic cooling caused by stratosl)]lcric  ozone

dq)lctlion  during  the same period [ WA40, 1 994]. IJong;-t)crln dccrmse of lowcr-

stl.atosl)lltzl.{: tcnll)cratlurc llavc rcccmt]y  l)cc)l r(}portld  [ W’A40, 1 994] and cllangcs

ill tfllc radiative l)rol)crtlics of t(hc stratospllcrc  arc an i~nl)ortallt  l)art< of tllc cause

of tlllc trclld.  Studies llavc also Sllowll tlllat  tlllc ~lOl)all~-il\r(  !l’a~(’{l warl]]i]lg is lnost

sc]]sitlivc  to (i) tll]c ll]ag]]itudc  of tlllc cooling; in t llc loltw” St l“atos])llcrc  dllc to OY, [)11 C

loss, al]d (ii) tllc glolml  relative cfiicicnicy  of l~rolnillc  for ozo]lc  loss as co)lll)arcd
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to cl~lorinc  [l~anicl  ct al., 1 994]. ‘1’llc fulurc rwliatlivc  forcillp; and llcllcc c l i m a t e

I gases  in tllc strafos])hcre Mcasurcnlmls  of P’. contai~iill.g  s]m:ics  ill t h e  stra.to-

S]) IICISC  un ique ly  rcflcclr  Irhc alnounts  of alltllll’c)l){)gclli(”  {;ascs trallsl)ortd  into  tllc

nliddlc  atmos})llcrc  and available for l)al>ticil)fitic)ll  in (i) tllc catalytic dcstlructioll

of ozone, (ii) tlllc indirect cooling of tllle lc)l~’f:r-stlsatlc)sl)  llcl.c  duc to OZOHC loss, and

(iii) tjl,c dircctl  l,cat)ing  of the tm*Jospllcrc  tllrougl,  infrwx] al,sor~,tion.

‘1’11[> ]) U1’])OSC of tllc lml)cr is to dcscribc  in  (Ictail tllc  hflkl V mcasurcmcllts  o f

fluorillc  sl)ccics  ill tllc  t(rol)osl)hcrc  and stratlc)sl)ll[:l’{:. Wc first review the cllclni-

cal dcgradatlioll  of CI”C and ]1 CltC in tlllc atmospllcrc to ]-c-affirm tlllat  inorganic

flllorillc s))ccics in tllc stlratmsphcm  dlcctl  tjhc allloullt]s  of alltllro~)ogcnic  source

gases brokm down in tlllc middle atmosl)hcrc. JVc then dcscril)c  tlhc balloon flight

on wllicll  the solar obscrvaiions  were pcrforlnml  and tlhc tfcclllliquc  used to dctcr-

millc-  slant,  coluln]]  a b u n d a n c e s  and volu  ]nc mixing  ratio (vmr) l)rofilcs. Rcsu]is

for tllc i n d i v i d u a l  flollrillc-ljcarillg  gases arc coml~arcd  witfll I)rcvious  mcasurc-

]l]c]lt)s a~]d collatlcd  in t$cnns of the i r  contrribu  tion to tjllc fl llorillc ( o r g a n i c  and

illorgajllic)  b u d g e t  in tfhc atmospllcm. I’inally,  the hfkIV ]~~cas~ll’c:l~-lcllts  of total

fluorillc  al)nndallcc  in the atllnosl~llcrc  arc con] lmrcd wiill 213 lno(lcl  s i m u l a t i o n s

and  KJ’MOS  ]l~cas~ll.clll(:l~t,s.

o11;h41STR% @ S’I’l{A’I’OS}’lll:l{ lC~ ~1/(JOlllNl;

‘1’llc rclcasc of flllori]lc f rom tllc ~h’~’s is belicvd  to bc allalop;ous  to ilhc wcll-

kl~own  ~114 oxida t ion  schcmc. ~IW oxidaiioll  i n  i)llc st]atfospllcrc  occurs witlll

tllc break of a C-C1 bond and cont,inucs  with tl~c breaking  of tllc remaining  C-Cl

1)01)(1s before any of ifhc c-1~’s [K(L?JC Ct d., 1991].  111 Case of rIclw’s, t!hc c - c ]

l)oIIds  I)rcak aftlcr  tllc C-1 I b o n d  hut b e f o r e  ally of tllc C-I” do. l“or Cl’’C’s  (and

II C1’’(.~’s)  contaillil]g  more  tlhm onc fiuorinc  atom ,  SOUI’CC ~aSCS WC fil’St brokc]l

dow]~ to Cl~’ZCl  ( e . g .  CFZCIZ + llv -> CF2C1  t- C l ;  CIIFYC1 + 011 -+ C17ZC1  +

1120)  wllicll  tllcll  Illldcrgocs  t$hc followil]g  dlain  of  reactions

Cl;zCl  -t- O? -i- h~ -+ CI{’2C102 - t -  hl

Cl~zCloz  +- N O  -+ C14’ZC10  +- N(h

C1”2  C ] ( )  4-02 --) Cr’’?() -+ ( )102
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‘1’]lc t,cml)ora,ry  reservoir ~()}”~ is quite stlablc and

]Jllotolysis:

CI”20  +- hv -+ cm -t 1“

‘J’IIc 1“ aton]s l)roduccd  lry tfhc rcactiol~  c]lains  qllid

])l’O(l UCC Ill?.

s only slow]y  brokcll  dOWl) by

Iy rcaclls with IIz() or Cll~  to

Source gases with a single f]uorillc  atol~l arc initially l~rokcl]  dew])  to CI’’C1Z (e.g.

cmi~ + h~~ + (KHz -F Cl) wllicll  then undcqym  a sin~ilar  chain of rcactlio]ls

0’<;12 - i -  OZ -{- h4 -+ c~~c12[)2  +  M

CN’U202  + NO --) C17C320 t- NG

CF’C120  +  02, --) 0’(;10 - t  (!102

Cp’clo + hv + cm +- c l

‘1’llc C]”()  produced from this, and the previous, rcactiol]  cllaill  rcactls with OZ

C]”() +- 02 -+ C1’’(())O2  + 1“0 +- C02
to form F(). ‘J’hc fluorillc  atom is IYHIIOIKX1  fro]  n IX) by its rmction  with ()(]1 ) )

(m +- 0(]1)) + 1’ +- 0 2 ) .

‘J’hc remaining fl~lol.il)c-colltaillil)g  source  gas of iml)ortallcc,  from tllc emission

scenarios, is CI”’ZCIC,F’CIZ  (CFC-I 1 3) and is lost via pllotolysis  mid reactions with

()( ‘r)). ‘1’hmcforc,  l~lc:isl~rclllcl~ts of individual flllorinc  sl)ccics is ulliqudy  valual~lc

for illvcst)igatillg  tfllc atmospheric circulation amfl tllc cllclnical  lmrtlitioning  of tjllis

llalogcu  wllcn evolving from SOUNW to tcm~)orary  reservoir to sink in tllc lower

St!l’atos])lmc.

]NS’I’I{UMKN’I’  AN]) r~AI,I,00N  hdl:ASLJ1{I;~41;  N’1’S

g’lIc latest in a series ofFrJ’11/ sl)cctro)nctcrs  (Icsignml  at J 1‘1,, tllc h4kl V Intcr-

fclwlnct!c!r  [ 7’00?1, 1 991] uscs the solar absorption t)ccll  Iliquc to rmnotcly  measure

t]lc atlnospllmic  composition. ~’llc nigh sl)ectral rcsolutlion  (0.(11 cln
- ] ) and broad

spcct,ral coverage (650-5650 cm- 1 ) of tl~c MkI\7 instrummlt allows it IO mcasum

1“
. .

a drg(: ]luml)cr  of dlflcrcnt  gasc.s sllllllltjallcc)llslj’  Ill tlllc salilc a]rln ass. h4kIV IISCS

two clj’ogc:llic:z~llj~  co old detectors, a IIg;Cd’1’C l)llotocc)ll(lll(”tor”  for ~~’a~rc-lillll~l)c]’s

1)C1OW ] 850 Clll  - ] , and an 111S1)  l)l~ot,odiodc:  for \\Ta\Tc-]lIl]l]l)c:]’s  above 1850 cln’-  ].

g’llis ;lll-zlllg{:]ll(:llt  ])rwcllts ])lloto]l  noise froll]  IIip;ll  ~l’a~’c’-llllll-ll)(:l>s  d e g r a d i n g  tllc

si g] I al at lower wave 1111 lllbcrs. ‘J’yl)icallj~, a Imir o f  li]illio~l  l)oillt illt(:l.f(:l.{)gl.zlllls



take 3 !j minutes and u})o]l phase corrcctfio]l  allcl l’ouricr  tlransforln  yield spectrum

witlh signal-to-noise ratio in excess of 300:1 over lhc entire sl)cctlral  region.

g’hc  sullsct,  occultation s~)cctra ana]yzcd  in this work were acquired fronl 38 km

altituclc duril~g  a. balloon flight, conductxxl  from F’t. SuInncr, Ncw Mexico (34.48°

N; 104.22° W) 01125  Scq}tcmbcr, 1993. ‘1’hc fiightl was cxcc})tiollal  in that a very

clear troposphere allowed us to track the sun all the way down to the surface.

Thus, the lowest  tangent hcig]lt  was 4 km. A sp(:ctral resolution of 0.0075 cm ‘“ ]

(66 cm maximum path diffcmlcc)  was employed at solar zm,ith angles up to 93°

(w28 km altitude), at which IJoint  wc switched to 0.015 cm’ ] resolution to allow

mom rapid sampling, and thexcby  keep the tangent, point, SC] )aration  of successive

pairs” of spectra in the 2-3 km range. Each analyzed spectral pair (reverse and

forward runs) thcrcforc rcprcscnts  100 or 200 seconds of observations.

I] ArJIA ANAI,YSIS

Data analysis  proccwdcd  by a 2-stcl)  approach. l“irst,  a Non-Linear  Lcast-

Squarcs  (NI,I,S) fitting  algorithm was used to d~:tmminc  tllc slant column abun-

dances for each tlargct  gas in each s] xct ru m. ‘1’Ilen  a lill<:ar  equation solver was

used to rctricvc  vxnr  l)rofilcs. ‘1’l)c cntlirc  spectral fitting a)ld retrieval process is

then rcpcatcd  using tile ncw rctricvccl  vmr ]Jrdilc  as tllc initial  gums.

13cforc analyzing  any MkIV spect ra  a “nigh  s u n ” Sl)cctjru]n  is computed by

averaging  the lowest  airmass  sl)cctra  acquired from a l]cip;l)t of 38 km. Eacl)

individual spectra is then ratiocd  by tl~e ‘tlligll-s~ln” to dim i]latc solar absorption

fcaturm and spectrometer continuum curvatur(’  wllicl~ woIIld ot])crwise  lead to

systematic offset, in tllc line of sigl]t column.
.

SJJJWJXAI, FI’JI’J’JNG

An initial atmospheric state (ddincd by tl]c ])rcssllrc-tc]~]])craturc  and vmr

profiles) is prcxcribcd and used by a “forward model” to co)llputc a spectrum. An

“inverse nlcthod” then conlparcs this spcctrun] with the OIIC actually nlcasured,

and adjusts the prescribed atmospheric state to inlprovc tlIc nlatch. ‘3’hc NLLS

algorithm performs simultaneous adjustments to the g;as abundances, continuum

level, continuuxn  tilt, and frequency shift to miliimizc  the squares of the residual

bctwccn  the computed and Incasurcd  spcctrun  i. The error in the slant c o l u m n

detcrn~inatio]]  is computed from the residuals, and illcludcs  contributions fro]n

5



(l{:tclhl]li]l:~tlit)ll  i s  {’ollll)llicd  f]”o]]l t,l]c lwsiclllals, and illcllldm  {.olltll.il~llti[)]ls  frou]

111{’ (“{)\~2il’i+l]l(:cs  of Illc ollllel  fittjml l)il].zl]ll(:tlc:ls, :md u]lccrt ai]lty i]l tllc  sl)cctrum

Zcl’() 1(’W’1 .

l’1{OI’1l ,1; ]\,lC’I’l{  llI;\~Al,

‘.l’lic slaIIl COIUIII1lS, tOgCtllICI’  will] tllc 111 atrix of COIII ] )11 tcd gm)l]lctrical  s l a n t

l)at]]  dista]lccs ,  arc t(llal  illvcrtld,  Ilsillg  trllc lil][~ar  cqllatio]l  solvm, sul}.jcct  10 a

dwivalivc  co]lstrai]ltl 10 yield vlnr l)rofilcs. ‘1’l~c lr(’rt)ical  scl)a]atioll  of tl]c rctricvcd

vmr l)rofilcs was C11OSC]1  to bc 1 k]n, dcsl)itc  tllc tangmlt  l)oillt slmcillg  bring  2 - 3

1{1]1.  ‘1’l)crc arc Iwo  rcasol]s  for this clloicc  (i) coil] lmiibilitly Ivitll  the forward model

illl)utls,  m]d  (ii) )]011 to dcg;radc  tlllc IIigll v(~ltical  lcsolutiol]  illllllcdiatcly  bclmv tlllc

ballooll  wl]mc tllc tlallgmltl  l)oilll sclmraiioll i s  s]l]all. ‘1 ‘]lc Icl)ortml  c]ror in tllc

rctlricva]  of vl]]r rcl)rcsmlts  t)llc rclatlivc  l)recisio)l  of IIIC rctlicva] at, tllc v a r i o u s

1(’vcls. ‘1’11(’s(’ a] ’(’ th(’ cllallgcs  to t!ll(’ Vl]ll’  illat would Cllang(’  tll(’ Sl:lllt COlllllllls  l)y

tllcir ollc  sigllla  lll](:{:l’t;lilltli(:s. ljcvcls  wllifll  lic close to tll(’ tallgcllt  altlitu(lm  tend

to llavc s]]) allcr  mrors tlllall {Il]osc  ill l~ctwccl). l{(:tricvml  \’11 II’ valIlcs were allowed

to go ]]cgatlivc  so as liotl to l)ositlivcly  l.)ias tlllc ])rofilcs  a]ld lIcIIcc  tlllc total  fillori]lc.

Gmlcrdly,  tl)e ]]cgatiw rctlri(wc(l  v]]]]x arc slllall(r  tlllalI Illcil 1111(:(:1’t;ii)lties  so tll]at

tl]cy arc ]]ot stlatlisticdly  sig]]ificmlt.

AIIXII,IAIW DA’JA

‘J’lIc t(’111])(:]’:]tlll.(’  ])lwfilm  llsd i]]itially  i]) tl)is (xclcis(:  wuc radiosondc  mcasurc-

IIlclltls  col]]])ilc(l  fro]l]  tll]c stlatliolls around  tl]c lauIIcl I sitlc. ‘1 ‘11(%(’ \!’(:]’(: slll)s(:(]ll(:ll t!lj~

rcfi IIcd llsi]lg vIIlr ])rofilcs of C02 dcriwxl fron~ t)(:]]] lJ(:].21tll]] (:-sc]]sitli\~{:  lines IICX-W

2390  cm-” ] . ‘1’llcse s])cctlr:d  li]lcs  l)rovidc tc]]]])c]?ltll]mc  l)lmfilcs wcuratc to witlli]l

a cou])lc of l(clvill. III gc]]cra], tllc scnsitivitly  of the fluoli]l(~  al)soq)tiolls  u s e d

ill tll]is stll(ly  11() tlc’l]]])(:l’:lllll]>c  are s]nal]  alI(l so t]lc e r r o r  ill tllc  final  t(:]]l])c:].:lt,lll.(’

l)rofilr is l)ot a sig]]ificwlt  SOU]YX: of error i]l SlalIll CWIUIHIIS, ~ ‘11(’ 11101 (’(”111211” Spectral

l)aralll(~tcrs lIS(X1 ill tlllc sl)cctral fitting  calculation  WC]( taken  fronl tll( ATMOS

(:oll)l)il?ltlioll”  [lltr)u~tl  cl a l . , 1 987] l)llt ill(:oll)or:lti)lg”  lwcclltl  il)ll)lol’(~ll)cllts  fl’oln ifllc

Illrl’llAN  lill(~list  [lbtl/?mLTL  CI, al . , 1 ‘393]. S1)cctroscol)ic  lmI-al]]CtC]’S for tlllc flllorillc

sl)ccics (Icscril)(xl  ill tll)c ])rcsc]lt woI.k aIx: lw])rod  uccd  i]] ‘J ‘al )1(’ 1. ‘1 ‘lIC sysl,c]nat,i(:

error, ill tlllc rdricvd  l)urdcll,  arisi]]g froll} usi]]g  this s])cc:tlos(:()] )i(” (.c)l]]])iltltliol~  is.
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cssmltially  duc 10 Illlc(:l’tlaillt)i(’s ill absoluifc  lill(: shwlgtl]s  al 296 1{ w1(l tllcir tlcm-

])(’ratllrc (1( ’])(:11(1[’ll(”cs. ~llang;es  in tfhc f o r m e r  call  l)c a(mlllltcd  for l)y a sim])lc

s(xdillg  of tlllc gas l)llrdcns.  Hmvcvcl ‘, a COIIIl)lCtlC sl)cctra] filltill~;  alId vlnr l’ctlricwd

is II KcssaIy to illcorl)orate corrcctliolls 10 tlllr  tfcl n])cratllrc (Ic’])(III{I(:IIc”c:.

() ’1 ’111:1{ GASIX

1)1 ad(litlioll  10 Ifl]c fluorillc  s])ccics ,  S])c(”t,l’al  alla]yscs  }$’(’1”(’ ])(:l”fol”llld 011 IIlally

ot,llcr  gases ill(:llldi)lg  ~02, N2 (), w1(I AT2. Solar  x(’llitll angles  of’ illdivi(lua]  s])cct,ra

were  (1(’t(mllillc(l  by (:ollstlraillillg  rclll’icd  IIlixil] g ratios of (~oz to be collsistcllt

willl i7b.vitII lil(’tislll’(’lll(:llts  [~cl~tl~.idi  {L7/d  K1/cdi7//, 1 991]. ‘J’l}c  l’et].icval of a lollg-

livcd tracm like Nzo allow cxactillg studies of c:c))](:lz~tic)]ls  a]l]o:)gst  tlIc II IaIIy gases

II IcasIlrcd 1 )y M1{IV and fac i l i ta tes  coml)ariso]l  wit]]  rcslllts of sil])ilw’ mcrciscs

fro]]] otllcr illstrlllncnis mld IIIOCICIS. An ill(l(:l}(,~l(l(:llt  l]]casllrc o f  tllc clld-to-md

i~llalysis l)roc<xlurc  was l)rm~idcd  l~y IVZ rt’tricva]  using  III(’ lillm ]]car 24(10 C1lI”  1.

~’llc rctricwxl va lues  rw]gcd  l.)ctwccll  ().77 and ().82 llavillp; a rl]ls d e v i a t i o n  o f

o]l]y 1 % over  IIIC 2 0 - 3 5  k]ll altitlldc  ra]]gc fro]]l  the k]]mv]] vallle  of 0.78. ‘1’l]c

systclllatlic  errors wc ]argcly dllc to poillllillg  inafcuracim  MI(1 llll(:(’l”tzlilltfics ill tfllc

tlc’llll)(:l’~ltllllh(:  I )rofilcs.

]hw]:l’s A~])  ])lSC~USSl[)NS

C1’’2C12  (CIW-12)

Cl’’C-l  2 was mlalyzcd  usil)g the two Q-briuicllcs  at 922 C]]l- ‘ and 1 1 6 1  cnl’  ].

‘ 1  ‘Iic sl)(’(.tlosc{)l)i(: l)i~]’?~)]lcl(:l.s  used ill tlllc allal~sis  were dcriwxl  frolll l)ul~lisllcd

l)igll-l(~sc)llllioll  al)sor])tio]l  cross sc(:tliolls [ VcL7(L710si, 1 992]. ‘J’llcsc absoq)tion  cross

scctlio]ls  w e r e  Calclllallcd  froln la,l)oratlory  s])cct]a acquilwl  at alln]os])llcric ]) Nx-

SUIYS WI(I t(>))l])(:).;l,tll)’(:s  si)nilar  to tll]osc sam])lc(l by w] II otlc-sc]lsing  i]lstfrulnmlts,
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l~igurc 1 snows al] cxaln])lc of all obscrvml (dia]llollds)  tklld calculatlcd ( s o l i d

lillc) s])m”irulll Ilscd ill tllc retrieval of Cl’’C;-12. ‘1 ‘llc ]cllhicl’c(l  vnlr  ]~rofilc for all

fllloril]c sollrcc  gases ]]]casured by tlllc Ml{] V is i] lustlratc(l  i]] l“igurc  2. ‘J’I1(J C; I’’(;-

CI’’cl:, (CFC-11  )

C l ’ ’C - l  1 lalIks s(xx)lId to CI’’(; -l 2 ill atlnosl)llcric  al)u])cla]]tx’ of il]]tlllol)ogc]li{.”

gases. I)UC to tl]c alxsc]lcc  of SIIWI) ~~-1~1:~]1(.11-lil<e  fcallulcs  i]] 1 llc C} ’’C-l 1 sl~ectrllm,

Illc c]]tirc 1/4 lmIId l)(:twcml  830-860” clll - ] has to l~c fitted silllllltl:lllcollslj’.

TII(: sl)(:(:t]oscol)ic” lmramctm>s  for tllc analysis  w e r e  ?l~?;ilill dcrivml  fl’olll t h e

l)ul)lisllcd lligll-l”csollltlioll”  al.xmrl)tlion c ro s s s e c t i o n s  [Vamnmi,  1992].  ‘1’lie resul t

of a sl)cctra] fit and is sl]owll  ill F’igul)c 3. ‘J ‘llc ill tcl”val  is sil Illlltilll(:ollsly  fitltcd  for

Cl’’C-l  1, llNO:~,  Coz, and IIQ 0. The rctricva] gives a tl-c)l)osl)llc:l-i{:  va]uc  of al)olltl

290 l)l)tlv, ill agrcmllcllt  with itL-.$itu IIlc:zislllclllc]]tls  [Ka:~/c  c1 at., 1 994].

CI1}’’2CI  (HC1’’C-22)

(;011(”(’1”11  OVCI° (:ll\il{))llllclltfll  (: O1lS(:(lllCII(:(:S  Of’ CI’’C’S ilk tll(’ iltlllOSl)llC1’(  llillr(’

rcsultc(l ill tllcir rel)lacclllcllt  willll sl]{)rtt’1-li~’c’(1  II C1’’C’S of wllicll II C1’’C-22 i s

Clll’l”(’lltljr  tll(’  111 OStl ill )llll(l;illt. ‘J’])(: l~t,~i(:v~]  Of :i,t,lllosl)]l(’li(”  }] C14’C-22?  1)1’ofil(: is

1 ) 2 1  S(’(1 011 tll(’  /lllOIIliilOllS  21)(; Q-lJ~all(ll  at 829.(13  ~111- 1. q’llc sl)cctral illtmval  i s

allalyzcd  for III](J l)romillmltl  IJCI’C-22 wld OS using  t)llc s1)c(”t41h{)s(”{)l)ic  (:ollll)ilzitli(}ll

of l17r)uJ7L  c1 d. [1 987] .  2’IIc al)ilit,y  to detect and ]ncasu]c 11 CII’C-22 is illustrat,cd

lry tile fittlillg  (1’’igllrc 4) ill wllicll  tlllc lhcsidual is almost  at tl]c level of’ sl)cctrulll

lloisc. ‘J’l]c v]]]r  i s  v e r y  sill~ilar  ill l~lwfilc  to that rcl)ortc(l  (Jallicl b y  A’1’IvTOS

~~(Lll(kl’  Ci (1/., 1  992] l)utl almost  89%  lligllcr  ill Il>ol)osl)ll(li(.”  absolutlc  valllc. lt

rcflcctls  tile growth o f  tlllis g a s  at tllc Hart]]’s sllrface  aIId  its tlhallsl)ort into tlllc

St!l’;itfos])ll(  ’l’(’,  m also l’(:l)ortfc(l by G’1/j7L$071.  Ct (L/., [1 994]. ‘-l ‘11(’ tlrol)osl)llcric Valllc of

CF2CIC:I’’CI2  ( (WC-I13)

.
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CF.’l

h a s  w] idlllost”  (’ollstallt’  prof i le  (=52 p])t’v) fro]]] 20 1{111 111).  IIowml’, t’hl”(mghmlt’

tllc tl]’ol)osl)ll(’l>(!”  tllc l)rofilc cxllil)itls  a mol]otollio  dccrmsc fro])] 1 ()() l)l)tv at 5 kln

to L2 l)])t’v at tlllc t!rol)opallsc. ‘1’llc l)cst cstlil~~atl(  of tltlllosl)ll(:li(:  lifctilllc  of CY’4 is

11101’c t]lall 25000  years [}?(ltli.$//fLlt.ka?’(L  ct (L/. , ] 9{)3], far loJt:;(’r t]lali  I]ic tilnc  sca]cs



Illlcxl)laillcd  and awails furtlll(:r  review of t llc Sl)tx:tlral  illtf’lvzll.

SI’G .
S1”6 is a Ilracc  gas l)roducc(l  clltircly  fol’ usc i] I high-  Vollla$c electrical and clcc-

t(rollic  (xllli])lll(:llt,  and has no kIImWI IIatlural s o u r c e s . ‘1’1](’ liigl] cll(:llli(d  slability

all(l  long  tltllllosl)ll(:l”ic  r es idua l  tlilll(’ ( > 5 0 0 0 ”  JTCi U”S) llM also allo~vd  011(’ 1)0 llsc

S}”G as a lllc:tf’ol.ologi(.t~l  t)ract:]’. Tlic g;as i s  i(lclltificd ill tllc  MkIV sl)cctru]n l)y

ills Q-1)]’w]cll at 947.9  cln  -  1 al)d cm) bc lwtriewd ovel” II IUCII o f  tlallgclli  altitludc

rwlgc ill tlllc SC])lCIIll)mm  1993 lx-dlooIl  flight.

q’llr Q-brzulcll of S1”6 is filtcd ill l“igur(  7 aloIIg  wil]l tllc ]IIoIx: ])ronlillcl]l  C;OZ

wld 11P O al~sorl)tfioll. ‘J’lic broad  S1”6 ahsor]~tlion  (947,7 - 948.() C]]l- 1 ) is Ovclhlal)])cd

by a high gl.ollllcl-stzitc  cl~mgy  Coz lillc  ( F ; ’ ’ = 2 4 1 6  C)n  - 1). IIowcvc]’,  tllc clltirc

absorl)lfioll  is lnllcll  w i d e r  tlllall tlllc Cop and tlllus  call 1)(J cl(.ar]y disti]lgllisllcd

frolll it. ‘1’llc S1”6 vmr l)rofilc rc:tricvd  flom tll(~ Mkl V  ol)s(’l\’21tic)lls  i s  slIowII  ill

I“igure 2 .  ou]. Ill)l)cl.-trol)  osl)llc:l’ic”  wnr of 3 . 8  l)l)tv is collsistelltl  witlll Il)c 1985

A’J’MOS ]l]c:~sllrc])](:l)ls  w1lc1l tile l~ul>lisllcd  global  alwag(  cx])o]lclltia]  ill(”lras(’

ratlc  ~)f 1 ().5%/yr is co]lsidcrcd  [Ri71.sla71Jd Ct (L1., 1 990].

al]nostl  ]]0 furtlllcr  cllcmical  clla]lgcs and i s  ]osi( froln tll(’ stlh:ilosl)llc:l’[” tllllwugll a

S1OW diflllsioll ill to IIIIC trol)osl)llm’c and all cvclltlual  rail}oll  t. I 117 was rctlricwxl

using  tllrcc lil!cs  of its 1-() trallsitliolls,  as (lcscl.il.)cd ill ,Scn cl al. ,  [1 995].  ‘J’llc lillcs

arc listlcd ill ‘ 1 ’ a b l e  1 .  Tllc dcl.ivcd  I IF sIM]I coluluns  wmc a wcightlcd  lncall  o f

all tllrcc. Sl)cctlral fit 10 t h e  111” lil lillc  i s  illllstlatcd  ill l“ip,ure 8. ‘1’llc sl)cctrulll

was rccor(lc{l  frol]l  ml alt,itludc  o f  3 7 . 4  1{1]1 and at al] astfrollolllical  solw> Xcllitll

allgk’  of  !34.070.  T’11(’ ().01 5 c m -] r(xolutioll  s])(xtflwl)l was ol)scrvc(l to 1)(’ at a

tallgcllt  ll(:igllt  of 21.7 k]n. A llpo lillc  at 403!3.2.J  c]n’  ] is tllc ])1’illlary  illtcrfcrills

gas and 1121s  bccll  silllllltallt:{)llslj~ f i t t e d  to lllillilnizc  i t s  illllm(tl  o]] tllc 111”. I’llc

vl]]r l)rofilc o f  l)otl]  }IF Mld Col”p i s  rel)rodu(cd ill 1<’igl~lc  9, 111” appmchcs
.

a st<r?~tlosl)ll(’ltic:  value of 1.15 l)l)l~v  at 39 1111], a value colllll  Imsuratc with rcccnt

ATMOS ol)s(’1”1’?ltic)lls  [~CL??&?) ct ( L / j  1994]. ‘ 1  ‘11(’ rctlrim’cd  l)rofilc i]]cludcs  all
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(:01”2

(~ol$z  collsllitlltcs  al)out OIIC t h i r d  o f  tllc c]llir(’  inorganic flllolillc  al)ll]l(lallcc

ill tll(: S{lsillos])ll(  :l. (” III illiillg  il tlllc dolllillallt  tcllll  )ol’;ll.j’-r{:scl~’c)il-  of fiuorillc  at tllle

lalit,u(lcs  of h4 kIV ol~scl’~~zttiol]s.” Fornlc(l frolll t’llc 1)1’cak- (1OWII of  CI”C-12 MI(1

IICIPC-22,  COh’z  ctul furtlhcr  l)llot(olym  to fcmn  111”, tlllc olll~’ kllowll  fluorillc  sink

ill tlllc stl’t~tlosl)llc:l’c’. COI”z  i s  a l s o  an i]ll])or[m]l illtlt:l’lll(’tlitlt(’  iIJ tllc dmoml)osi-

tlioll of  currm]ily l)M)lJosCX1  altcrllatlc  flllo].c)c~~l’l~c)lls. Its 111(  ’;lslll’(:lll(:llt!  allows 1111-
.

dcrstlfiuldillg  of cll(vnicd  rcactlions  following  tllc 1 )rcakul)  of ~lllilll’{)l)c)gcllic  Sascs ill

tll(’ Stll”atos])llcl’c. ‘J’hc .J 1 ‘I, Ml{]  V s])cctra covers d] tile {~O1’z  al)soq)tioll  f(:aturcs

obscrv(d  ill t])(: ]al)oratory,  including  tllos(:  WOUI 1 d 1938  cln” ] Ilscd by A’] ‘M OS for

rclricval  of t$llc  gas [Za?ldcr  cl (L/., 1 994]. l{ctlricval  pcrfol”nlcd  llsil~g lnallifolds  at

1938 (:111- ‘ , l“igllrc 1(), wmc found  10 llavc l)cttlm prccisio]l  tllml tllc ones cclltcrcd

arou]]d  1234 mid 12GI cl]] “ 1 . A ~w>iglltcd  slm]t (olumll abl]  ]J dance froln al] three

Sl)cctlral  illtlcrvals  was usml ill tlllis study, altlllollgll  it diflcl”s  fro]ll tlltitf  obtlaillccl

fro]]] t!ll(’ 1938  cln’” ]  illtfervzd  alone,  l)y ol)ly  4.4(XI*1  .6%. ‘J’llc COh’Z l)rofi]c  ill tfllc

]Ili{l-liititfllclc:  stll’tltosl)llclh(” lxal{s at 31 kln  {0 a IIlaxilnul]l  valllc  of 0 .21  l)l~l~v.  ‘1’llc

l)rofi]c  ill)OV(”  111](’  ]naxilllllm  (Iccrcascs  VCI’J7 Sill Ootllly  wit]]  1 Icig;lltl. 7’11(: VIII]” j)l’Ofil(”

and valllc  agrms WC]] with A’1’MOS olmv.vatiolls  of  1992.

NJ II)- IJA’J1’JILII)I:  k’I,IIOIi  INI,:  AHIINI)ANCN

‘1’otal fluorillc  ill illc u p p e r  stflzitl{)sl~ll(lc  rcsu ltls frolll tllc a(.clll)llllz~tfioll  of tllc

illorgal)ic  gases 11 1“, CO I”Cl, and COF’Z as wcl] as the 10)1 p;-lived  organic spccics

Cl”q. A s  Cl~o i s  w:]] mixd on a  global  wA( aIId mai]ltaills  its (.ll;l]:i(’t(:listi(.

tfhl’ough(ml!  t!llc t’l”()])()s])l  l(’1”(: and St’l”:lt’[)s])ll(:l’c, tl~c total l)u(lp;ct is tllllls tllc sll]n of

illorgi~llic flllorillc ([HI?] +  [Col~O]  +- 2*[COI’’Z])  l)lus tfllc collstlalltl  l)ias o f  CF4.

‘J’llc o])]y iliol’galjic  fluoril]e  sl)ccics in lIJC lmscr St!l’ai!os]) ll(’l’(”  not! U]casllr(’d  l)y

tllc MkIV is C;()]’’Cl. ‘1’lIc lack of a,ny disccrlliblc aljsorl)tioll si.qlaturc of COh’Cl ill

sol:ll”-() (:(:llltli~tli()]]  ill frarcd sl)cctlrllnl  lnakcs tlhc {I;as im ]~ossi I)](’ to lneasurc.  III tlllc

MI(IV  s])w.tfru]ll,  tllc prillcijm]  rcgio]l of ClOl”Cl :Ibsorl)tioll  ( 1850.1- j 907.9 Cln-”’ )

is (Io]nil)atlr(l  1 )y sl~cctlroscol)ic  sigllatlurm  of tlll( imlnclls(:ly  ]I]ore  al)undallt  gases



():j 2L11(1 COZ ]llakillg  Illc f l u o r i n e  s])(x:i(’s illll)ossil~lc to d(’tl(x”tl  alId qllantify. T’11(’

gas al.is(w ])rilllm.ily  fro]]] the ])llotolysis  of C}’’(li ill ih(’ lol~(’1’ stl>:llosl)ll(:l’(’.  Sillcc

CO1$C1 is also 111(:  ]nost(  casi]y ])llotolyzc(l  flllorinc  mscrvoir, its l’]]lr falls of~ ra])idly

witll~ “illcr(’asi]lg  altitll(lc  [K(Lyc d d . , 19{)1 ]. Tllc  VlllJ’ ])rofik” of COFC1 11so(1  in

this Stfu(ly, l“igurc  9 (dashed li])c), is a ‘2-1) model calculation aIId its (:olltl’il)lltioll”

to tllle lllicl-l;~litlll[lc’  il)orgmlic  fiuorinc  l~udgct  is ;Ltf mosi,  6(X ill tl]c altitludc  r:n]gc

I)C1OW 30 kl]~. l)ctai]s o f ’  tllc ‘2-1) l]lodcl a]]d SOI1)C its rcsultls l]avc  Ixwl dcscril)ml

cISCW]ICI’(’  [~C7/.  (:f ( 1 1 . ,  ~ ~~b, K(I?)C  Ct d., 1 991]. ‘Ilc 2-1) IIlodcl c“;ll(”llltltioll was

carriml ollt over t,lle l)criod  1970-201 (),  witl~ SOUIXW gas co]lclitions  at tllc gl’ou]ld

u]) dat!(’d (’a(:l 1 y(’ar l)HXI 011 WVlo l’c])ol’t!s, ~’lic COF’C1 l’1]11 l)rofilc rcl)rcsc]its

“o AT (t,ill)~: a,]l(] jatitudc oftlllc collditlio]ls  ill Scl)tcltlbcr 1993 a t  a  latitlld(  of 3<)

MI(IV  sllllsct). ‘1’llc  l)rofilc p e a k s  {10 a value  of 83 lJl)lv  at ;lI) altitllldc  of 25 kill.

COh’Cl  lmctically  disal)pcars  a b o v e  3 3  km ml (1 lllays 1] o role ill tllc illorgaliic

flllorillc  l)lldgctl  at grcatlcr  llcightfs.

‘1’l]c sulll of illorgmlic  fluorillc  mkd its sources  in illllstlratml  ill F’igllrc  11. ‘1’llc

lISC of Nz (), ill l)lacc of  a l t i tude  or l)rcssurc, :dlmvs  a in orc llscful i l l u s t r a t i o n

of flllorillc  (orgmiic,  inorganic , al](l t o t a l )  lllixillg ratio l)lx)film l)y l“cmovillg  ally.
tl.zlllsl)ol’ll-ill{  lllc:t:{l  folds ill tfllc individual IJrofilcs. lictricved  l’olumc  lnixillg  ratio

l)rofilcs for all fluorine sl)ccics ]nmsurcd by tlllc hikIV is tablllatlcd  ill ~’able 2. ~’llc

l)rofilc for CO1”C1  i s  d e r i v e d  froln tllc 2-1)  lllo(lcl  (:al(:llltltiolls.  ‘1’11(:  vmr l)rofilc

ill tllc  last collllll]l  is illlc fillt)l’illc-llllllll~cl>  weight cd su)n of all illor~allic  siliks and

its orgwlic  s o u r c e s  (cxcludcs  CF.4 a]ld  S1’’6). ‘1’l]c lncal] total  inorganic  fluorine

al)ovc 35 kin, ]] Ieasurcd I.}y MkIV, is 1.34 pl)l)v  :uld  is {“ollllilcl]slll.zit(”  wit]l rccmltl

11’MOS olxmwations  [Zan.dc? cf (d., 1994].  Al)ovc 3b 1<])1 tllc total  illorgal)ic

l)ll(lg(’tl i s  il(”(:ollllt(’(1  fol” l.)~ }117 :llld COl{’Z :11011(:. ~’llc illol~alli(.  f!uorillc  blldgct

is also in a~rcclnc]lt  with tllc mm]] trol)osl)llcri(” value (cxcludillg  CII’4 ) for 1987-

1988,  wllml  a 5.2% l)cr year illmcasc  ill fllloril)c loadil]g  is a(l(lcd to tllc 1.32 l)I)lw

rcl)ort,cd  for 1986  [ lVlbJO, 1988],  ‘1’llis i n d i c a t e s  a 5-6 year trallsl)ort  t)ilnc for tlllc

flllorillc  ill lollg-lived source gases, l’cl(:ascd at tlll(’ gl’oulld  , to 1 )(: ol)s(’rvcd  at 40 1{111  .

~’hc lllixillg  tilllc  i s  ill good agrcmncllt  with A’1’MOS lm~llts [~a?tdcr ct {L/., 1994]

fl’oln” their illldySiS  of long-lived z~l)tlll’()])()g(~lli(” Solll’(:c  {Jas(>s  ?lIld fl]c C02 Vllll”

111(’;islll’(’111(’llts  o f  L$c]L?ILdi  (Lnd K}1cdi7}L  [~ ~~~ ]. ~{cLlz CL7Ld 1}7’(1111C7’  [1 993] lnod(:lillg

aII (:]1s(:)111)1(:  of Cjoz  airlnasses  of diffcmltl  ages (onll)utcd  a l])cal~  delay of 4 years
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and W.]]. wi]scm  of t]Jc Jet h’ol)u]sic)ll  ]dmratory  for t,llcil’  cc)llsidcral)lc!  assistance ill

ol)cratiml  of .11>1, MkIV  duriltg  the l)allom f~igl)t,  md the Natiol)a]  Sciclitific  IIallom l’a-

cility  wl]o col)ductd  tllc halloml lalllldics,  flight oj)(’rations  alJd mcm’cry  of tllc ])ayload.

This rcscarc]l  was ])mforlnd al the Jet, Proj)ulsio]l  l,a})oratory, California  IIlstitlltc of

~’c(lll]ology,  ~Illdcr  contract  witlj  tl]c iNatio))al  Acrollautim a]ld S])aCc A[lllliliistl:ttic)~l.

lIIOWI1, 1,.1 {., (~.11. l’ar]ncr,  Cl’. l{illsland,  and 1{ .A. ‘J’oth, Molfxular  lillc ])aralnctcrs for

tllc atlllos])llcric  tram XIIOICCUIC  s])cctmsml)j cx])crilllcllt,  Apjvl.  Opt,  26, 5154

5182,  1987.

Daniel,  J. S., S. Sdmnon,  and 1).1,. All)rittml,  ON tlic cvaluatioll  of l)alocarlmu  radiatiw’

forci)lg and glol)a] warming ]mt m]tial,  J. C;cophys.  Iks., 100, 1 2 7 1  1285, 199!5.

F’l(v]]i]lg,  }{;, IJ., S .  (;l]andra, (;.]1. Jaclullal],  D. Il. (k)nsi(lil)c, a]ld A.]].  l)ouglass, T h e

. ]t]i<lcllc’  at]nos])ha~>  rcsl)OIIsc  to sl]o]t  il]][l lc)IIg t[:r]ll  sola] lJ\~ wriatiolls:  analysis

of c)l)s(:l~’:~t,iolls  and 2-D NIo&l  rt:sult, s, J. At?//.os. l’kn. l’h?ys.,  57, 333 365, 1995.



{Jumml,  M. R., hl.~. Abram, 1,.1,.  ]JOWS, E. Mahicu. r{. Zandm,  (:.1’. Rillsland,  M.K.W.

1{(), all(l 1).1<. \Vcis(mstcil},  lncrmsc in levels of str:ltlos])l)cli(  clllorillc and flllorillc

l(m(lillg  Iwtwcc]l ]985 a]](l 1992, Gmpll,ys. R.c~. Imtf.,  21, 2223 2226, 1994.

IIal], ‘l’, M., a]]d M.J. l’rathw, Simulations of the frc)ld  a]}d al]l]ual  cycle of stlt~t[)s])llcric

(~()~,  ,1. (; COl)h?/S.  ]h., 98, 1 0 5 7 3  10:J81  , 19’33.

IIallsoll,  1).1{., a]ld A.I{.. lt:i~’islliilll{iilz~, ‘1’l)c: ll[!t(rog(llcc)lls  cllmnistly  of 1111] al){l  11~, J.

I’hys. (?]1.{!1[!.. , 96,9441-9446, 1992.

]<ayc>  J. A., S.A. ]’(mkctt>  and P.M. 01’111011(](’{]S., “l{qmrts  o]) (c)ll((:lltl:itiolls, lifctilncs

al)d trends o f  cfc’s, IIalO]lSj  a]]d rclatc[l sl)c(”ics”, NASA l{cfcmlcc l’ul)licat,ioll

. 1339, 1994.

Kayc, J. A., A.R. Dmglass,  C.H. Jacl{]naIl,  1{.S. Stola] ski, R. ZaIldcr,  al]d (;. I{olaIid, ‘1’wo

dilll[wsimlal  lnodc] calculation of fillorillc -(:(~llt;i  illillgl> (?s(’lvf)il s~m:ics, ,1. GcOy/Lys.

1/.(: s., 96, 12865 12881,  1991.

Ko, hfl. K. W., N.-D. Sm, J.M. l{oclriguw, D.]<. Wcismstci]l, (~.\lT.  IIciscy,  It.1’. Wayue,

1 ’ .  IIiggs, C.E.  Ca]]osa-Mas,  11.W. Sidclmttoln, all(l J .  ‘1’rcacy, (;l~’:j cllclnist,  ry:

]mtlmt)ial illl])licatims for str:itos])ll(:l’i(  ozone, Gwyhys.  lks. lmtl).  j 21, 101- 1 0 4 ,

1994.

Md)alliel,  A.}1., C;. A, C;alltrdl,J.A.  Davidsml,  1{. E. Sllcttcr,all(l  J.A.  C;;ll~’clt,Tll(~tcltl-

])clatlul’c  dq)[!ll(lclltl, illfrarcd  almq)tioll  cross-sc:(:tic)llsfor” lIJC (l]loloflllo]() (.:ill)[)lls:

(;}’’(;-11, (:}’’(; -12, CW’C-13, (X’C;-14, (OW-22, C;FC-1 13, (: F’(:-l 14, and (;1’’(;-1 15,
.1. AtTnos.  Chmnj If?, 211-227, 1991.

Il:i~’isllzilll(:~]ti,  A .1{., S. SO1O][1OU,  A .A. Tumi]wwd, and R .1<’.  \3Tarrc~]], Atll]osl)llcric  lifc-

tfi]llw of lwg-livd  llalogmatfd  s]mics,  Scic7/cc, .259, 191 1 9 9 ,  1993..
I{illslalld, C.] ’., 1,.1{. llrown, and C;.1). Rwmm, lllfrarcd s])[?(:tlo:j(()])ic dctcctioll  of sulfur

hcxafllloridc  (S176 ) ill the 10WW str:itc)sl)l]c:l(! and u])]m t r(q)(x])l]mw,  ,J. Gmj)llys.

R.cs., 95, 5577-5585, 1990.

Rothlllall,  1,. S., 1{.1{.  Ga]nacllc,  1{.H. Ti])])illg,  Cl’. ltillslalld,  LT. A.11. Slnitll,  D. C;. Ikm-

llw, V.h4. l)mi, J.-il4. l’laud,  C. C;:\lll~~-l>(:]’i~t,  A. Pcrril), A. ~;old~nall)  S.T.  Massic,

1,.11. IIr(m’n, and R.A. ‘1’oth, ‘1’llc  llIrl’l{AN ]llolccular  {Iat al)asc:  editions o f  1991

and 1992, <1. @!.a.TL Spcct. Rod.  TIYInSfCI””, 48, 469 507, 1993.

ScIl, 13., G.C. ~’oo]l, J.-F. Illavicr, J.’I’. Smto, 1.3.1,. ~lclllillg,  and C~.H. Jaclonall,  13allm)ll-

Im’llc o}mrvatlions of llli(i-li~tlitll(l(:  hy(lrofill(nic ac id ,  GcOplI?Is. li’xs. l,ctij.,  22,

835 838, 1 !395.

15



Schmidt,, U.11., al]cl A. l<llcdi]n,  17/ situ l~]cz~s~llt:lllellts  of ta]l)[}]) d i o x i d e  ill tll[!  wiutcr

Arctic vortex a]id at ~lli(lltititll(l[!s:  an indicator  of the “ag,r” of stjl:itos])ll(:l.i[. air,

- (i(X@~J$.  Iics. IAt., 18 ,  763 7 6 6 ,  1991.

Stolarski, 1{. S. a]lcl Ii.1). Rundc], Fluorillc l)llotc)(:llcll~istry  in tl)( str:itc)sl)llcl[:, Gco~)lLvs.

1!(!s. IX!tl..,  2, 433 434, 1975.

Syllloll{ls, li.1~., W.]. Rosc:, all{] M.11. I{wx], (;olltril)lltioll” of (:1- Zil)(l F-bcalilig  gases to

tl]c atmms]d]m I)y volca]]ocs,  ~ot.uw, 344, 415 418, J9i’8.

‘1’0011,  G .(1., ‘1’IIc J 1‘1, MI{IV illt(:lf(:lolllct(:l, Opi..  l’// oonzcscs Nms, . 2 ,  1’3 21, 1991.

~’o[m, G.(;., (:.11. P’WIIIC1, L.IJ. IJow(!s> 1’.YV. S(:ha]m, J.-F. IIlavicr,  a]ld 1{.11.  Norton, III-

framd aircraft lll[!:~s!ll’clll(:llts  of stratosI)hcric colnposit,  ion mm’ Antarctica during

Sclmulwr 1 9 8 7 ,  .1. Gcoyh.I/s. Rcs.,  94, 16571  1 G59G, 1989.

Varallasi,  1‘., Al)sO1l)ti[)l]-(  :( Jcili(icllts  o f  C1’(j-l  1 a]ld CFC-12  ]Imxlcd for :ltlllos])ll(>li(:

r(:lllot(?-sc:llsillg  a]~d glolml  warlning  stlldics,  .1. @/.a7/t. Sycci. Ilad.  Iharisfcr., 48,
2 0 5  219, 1992.

Worl(] hfl[:tl<~[)l[)logi(;ll  t)lgi~lliz:itfi[)ll

. 1994,  ltcp.  37, 1994 .

\J~oIl(l  Mct,c(mologi  c;]] orp;:nli  xatiol~

1991,  Rq). w, 1991.

world hfl(’t[:olologi(.:~1  orgallizatiol]

pall(d 1988, I/(!]). 18, 1988.

(WM()),

(WV()),

(Whflo),

Scientific assess]] I(v]t of OZOII(:  dcl)lctioll:

Sci[!ll(ific ass[wlll(’llt  of omuc dq)ldiml:

ltc])ortl  of tile il]tclll:itic)ll:~l  ozone t)rcnd



Fig. 1. C~}’’ZC;lQ  (CI’’C-I  2) s]m:tlra] fit at, a rcfractcd  tallgollt  altitu(l(!  of 11.3 101). (;Oz and

}120 WCM, sillllllt:lll(:{)llsly  fittd alo]]g wit]l CI~C;-12.  [11) this a]l(l al] sll})sequcl}t  sl)cctral

])]ot,s, t,hc dialilollcl  sl]ows tlll(’ II)casllrd  s]~utral valum, wllil(’ t llt~ scdi(l linr SII(NVS t,]lc

fitltd calclllatim}. ‘J’llc dashd line s]]ows tll( s]mct rum tllal }vf)ul(l rcsuli frmll t a r g e t

gtw alm]c. ‘J’llc “rcsidlmls”  enlarge  the difIcrtllccs I.xtwccn  LIIC IIImSUId aIId calculated

Spc[’tra. ]

Fig. 2. I{vtricwxl  v]nr Inwfilcs of organic fluorine sm]rcc gases,

I~ig.  4. C;IIFz~l  (}1(;11(;-22) sl)cctral  fit at, a rcfractcd  tangcl]t  altitllde  of 11.3 l<m. 0:~

was  sill)llltt~ll[’ollsly  fittd  :dollg  with tllc lICFU-22 (J-l)rallcll.

l’ig. 7 .  SFG s~)cf”tlal fit at, a Wfl’:i(:tcc] tall.  gcllt altjitlldc of 19.5 lilll. (;02 :illcl  1120  }1’CIC

sillllllt:lllc:(~llsl}~  fitted alol)g  wit]]  SF(; , ~’llc I)r(md SFG al)sc)ll)tioll  (dasllcd lillc: 947.7-

948.()-CIll- 1 ) IIas its lmak  locatcxl  at 947 .94  CIII  - ] ov{.rlal)])illg  a IIigll-grolllld state cllcrgy

(E =2416  CIn-l ) C02 line.

Fig. 8. 111” slmtral fit at, a rcfractcd tangmt altitude of 21.7 1{111. H20 at, 4039.25 Cln  - 1

ww si~lllllt:illcollsly  fittm] along wit]] tllc IIF R  1 al)sorl)tion  at 4038.96  (“111-”  1.
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Fig. 10. COF2 slmctral  fit at :1 rcfractcxl  t:ilyymt  altit u(lc of 30.4 kin. (~oz and IIz 0 wcm

sil]llllt:lll(’[]llsl~~  fitted alollp;  wit]] (lol?~. ‘1’1][ ten n(mly u]IIJIu)(Icx1  IIlanifolds  of C;OF’Z

:(IC lm’:ttml at 1936.26,  1936.68, 1!337.10, 1937.52, :1938.94, 1938.36, 1938.77, 1939.19,

1939.62. an(l 1!340.02”  C] I]- ‘ ,

18

k’ig. 12. ‘1’otal fluorine  in tlhc inorganic  s]mics vmsus  t h e  organic  sourcc!s.  ‘1’hc f i g u r e

(Iclllollstl’:ltlt!s  tlll(! tllghtf  (lll:illtlitatli~’(>  r(!lation Imtlwcml  fluorillatd  source gases rclcascd  at,

tllc gl’ollllcl  and th(: inorganic flllorinc  l)lldgcl Ill(:asll d al)c)v(: 35 lilll.



‘J’able 1. Spcciroscopic  lntcrval  and Paramckxs  Used in I’rcscn[  Analysis.
-—.—. .-—

Gas ln[crval X(strcnglh) f Iall-Widlll
, y

( m ” ’ ) (Clmolcc”’) (Cn)’’.atn)’) (Cnl”’)
. . . .

(3’202
-—

92 I .8(H I .80 8.040X” 10 “
-—— -—.——

0.055 — .—— — .—. .
ra[lgc

CI’2C12 1 160.9(H 0.75 3.790X10’’’” 0.030 rarlgc
Cl’(:], 845.90~31.50° 6.050X 10”’7 0,050 rargc

CIII’2C1 829.054 ().S() 2.796 xIO”” 0.030 230.0
C1’2CICI’C1, 816.6  of28.80 5.484 X1O”’7 0.050 ra]igc

cl:, 1 283.00.! I .00 5.341 XIO”’7 0.080 rallgc

CI:4 1285.55i  1.40 2,690 xIO”’7 0.080

s]’,

range

947.95 io.7s 1.910 X10”9 0.050 rarlge

111: 3877.72%0.15 1.888 XIO”’X 0.090 123.3

Ill’ 4039.96fl  ().3() 2.369 x10-’X 0.089 41,1

Ill’ 4109.95fl o. I 5 1.585 xIO”’” 0.050 246.4

(:01:2 1234.25 i0.33 1.495 XIO”’” 0,084
C01J2

rail.gc

125 1.Ooio.80” 2.62.7  xIO”’8 0,084 rarlgc

COI’, 1938.15  i2.04 4.121 xI()”’K 0.084
-. . . ..- .

railgc
— — — - — - — . — — . . — .



Table 2. WdV stratospheric fluorine budget for 35”  X, September 1993.
1 bources I Keservom  j Smk

Hei@ T e m p pres !- 1 1 k I*L1 y3i3,  -.j ‘6 I ‘ml LVF2 I HP Total

281.ti9.3
280.0+15.
279.(&13.
278.ti8.9
278.0+14.
282.0+8.8
292. C&n.
304.0+12.
3!o.&k7.3
308.ti13.
303.0f8.6
294.(M9.8
272.  F_13.
232.0+6.5
172.(E7.5
:C19.o+7.:
59 .s5 .5
30.2?7.0
lc.,~<G

1 I .736.6
11.55.9
?l(-)LK1
. . . . . . . .

8. S37.6
5 .4*S.O
~.111~,~

-0.456.0
-1.427.6
-1.4is.3
-0.  SA8.3
Q.!fs,@

0.s5.9
1.4?5.6
1.526.2
1.4+s.3

km K hPa p p b v
3.3 ,L /,2>. 2.~ R 2 b . ! 1 2 U ? J 2 U . 1 6 f l E ’ i 9 .  I 1 1 % X ]  ~fi.,  I “’;.1  ] 4R114.  ] Rib. I lWRLW.–3
6.5 ~62,37  4 5 4 . 2 4  337.&15.  5 0 9 .  C&16.

7 . 5  2 5 6 . 7 2  3 9 8 . 3 1  330.W16.  501.  C&2S.
8,5 Z47,SS  3 4 s . 0 5  3 2 3 .  IE14.  493.(E24.

9 . 5  239.03 3 0 2 . 5 6  3  1 5 . 0 + 1 1 .  4S6.0+15.
10,5  2 3 3 , 6 5  261.93 31 O.()+14. 4S5.L&25.

1 1 . 5  2 2 7 . 4 3  2 2 6 . 0 6  3 0  S.ti9.4  491.(k15.
12.5  2 2 0 . 6 2  1 9 4 . 1 4  309.0+1  1. 503.0&20.
!3,5  2!3.49 165.97 31 O.BI2.  516.W23.
:4.5 yy)~ l~? 1<. . . . . w rw7. I 520.0+!2.-u..——
1 5 . 5  1 9 9 . 9 0  1 1 9 . 2 6  299.  Ck12. 514.&24.
1 6 . 5  199.51 1 0 0 . 6 2  293.0t7.S  505.0+16.
17.5 201.32 s4.92 290.0+9.0  499.0+1S.

1 s . 5  203.21 7 1 . 7 9  2S5.0t12.  4S2.0f25.
19.5 207.37 6 0 . 8 4  269.0t5.6  443.0+12.
20.5 2 1 1 . 9 2 51.74 235.ti7.2  369.0t15.
21.5 214.S5 44.14 197.&6.5  28S.0+14.
2 2 . 5  217.M ~7.72  i71.@4.5  239.0+9.8
23.5 21S.71 32.2s  162.(&6.7  227.ti15.

. . . .6;4.5 ~;66 .<ncu.n -.6 Ur. -
L.LU. YU .. J.. _b. > ‘.- . ..--. .

25.5 221.S0 2 3 . 7 3  153.0f5.7  212.0+13.
26.5 223.31 20.3s 143.0+2.S  1S3.0+6.9
27.5 ;~L.:4 :~,~; :~~,u~  ~ !49.y~n—.”.
2s.5 224. S6 15.06 ! 17.!&  2.6 116.(&7.l
29.5 226.S9 1 2 . 9 6  9S.’25  3.7 89.1?9.5
qn < ;zg,~~ ::.:s. ..- Sc).:? 3.~ yp,~~g.:

~:,s 230.s2 9.65 67.7*3.2 5’7,A~9.o

32.5 230.0S S.33 5s .25 .0 47.3514.

33.5 229.33 7.19 50.2+3.1 37.1*11.
34.5 232.S1 6.21 41.3:1.9 23.1+7.1
35.5 237.23 5.3s 31.3?2.5 5.s+10.
36.5 239.96 4.67 24.6?0.7 -s.9+7.3
37.5 240.90 4.06 22.4S.6 -15.8+11.
3 s . 5  2 4 2 . s s 3.53 17,4?2.3 -16.2+1S.
39.5 250.50 3.0s 14.253.5 -12. S?27.

125.6+26.
121.1*26.
117.3+2s.
1 14.9+  3.9
114.!%16.
116.2+15.
11s.757.4
122.(&15.
125. S+3.S
L2S <411.- —...
126. S+15.
122. !*7.3
115.73!6.
105.7317.
97.7? 10.
91.9+!5.
7S.2f!6.
63.5fl  S.
&Q,’~’Q.

49.W21.
59.2523.
67.2*24.
62.452S.
4~. ?t32.
. . .4. .LL. (7 L->2.

< +?2,- .. —-
-4.9?23.
-7.3+34.

-11.6+37.
-!9.9t40.
-25.3266.
-29.4*66.
-55.6+71.
-60.3577.

70.4:10.
72.4h7.5
74.6*7.1
76.2h7.O
76.5S.S
75.4?6.3
72.9*6.7
6s.s?6.5
62.357.1
53.1:7.5
A4.4&8.2
41.4?7.2
46.4+6.9
55.7*7.1
62.7+S.0
52.5?1(2.
<< s~l 1. ..—. . .
46.4+10.
?s.9?’?.

37.3+11.
42.3A11.
51.4+13.
59.sAls-L-.
59.(5?:s.
47. :.tizfi.

27. 1?42.
6.5t60.

-s.3+73.

106.W26.
98.C&18.
9 0 . 0 3 3 .
83.3+10.
7S.6+8.5
75.8+6.6
74. i+6.5
72 .13 .6
67.6*4.6
60.3+5.2
52. S?4.2
47.s+4.5
d5.7fi.5
46.ti4.4
47.7?4.3
49.9k4.3
51.  S*4.O
53.0+4.5
s? W-? 5. . . . . . . . .
54.7?4.2
55.3?3.4
55.3?3.s
5A.  S?3.3
5&.7~3,~

W.9?3.5
55.2S.6
55.4~5 3
55.5;4:0
55.4%.7
55.E3.S
5~.s+2.4

51.8?3.7
49.7k6.2
48.ti9.3

1.3+1.0
1.95).8
2.7%.7
3.4!5).6
4.1+0.5
4.6+0.4
4 .73 .4
4.733.4
4.6%.3
4 . 4 3 . 4
4.353.3
4.3+0.3
4.250.4
4.IM.4
3.99 .4
~ ,&).4

3.350.4
3.iM.5
~,1+<. . . . .
3.2+0.6
3.3+0.6
3.63.6
3.s+0.7
3.75.3
3.5%.s
3.03.9
2.4kl.O
1.9il.1
1.5fl.3
1 .4+1.5
1.631.9
2.1+2.4
2.9S.9
4.(M.3

0.1
0.2
0.3
0.4
0.4
().5
0.s
1.3
4.4

S.4

8.6
11.1
:7.s
25.3
33.1
45.5

5s.1
69.5
7s.9
S3.4
S3. I
76.S
73.2
A9.3
T:.-. s
[S.6
9.6
2.s
0.9
0.2
0.1

40 .19 .3
27.1+6.9
14.1+6.0
3.7fi.6

-3.M5.3
-6.4+4.4
-7.6? 4.5
-7.5?4.7
-6.924.5
-5 .95 .0
-3.3*4.9
2. S+5.5

13.946 S- .
3 1 . 0 5 7
53.7?7.0
79.5L7.5

103.0+7.s
122.0+  9.0
!36.058.S
148.(MIO.
16O.C+1O.
174.0+12.
?90.M12.
~(ylw-lz. . . . . .
2:2.  ?_:~.
213.ot17.
209.0+1s.
205.0+16.
202.0+14.
202.0+16.
19s.&19.
lSS.@26.
176.0+4.
164. CE43.

1.734.6
- 1.4+9.6
-4. M3.3
-4 .s5 .0
-3.1+9.1
-1 .25 .5
-1. s?7.4
-4.339.1
-6.1+4.S
-4.4flo.
1.653.2

12.453.6
36.0+14.

S7.5+10.
1S5.0+12.
3i4.0ki4.

420.0+13.
47 C).(E8.

47 S.tii3.
4s9.ot19.
519.0+16.
565.(N20.
625.(E17.
695.E23.
?f~,&_y

787.(E23.
S30.(E39.
S71.@32.
911.W21.
976.ti34.

106O.WI3.

1S43.5*71.5
1794.4kS2.8
1747.7579.2
1711 .3t43.4
169 S.7+65.8
1709.1 +48.4
1738.0+49.7
176S.4+60.9
1773 .(E3S.6
i744.5~60.6
1703 .432.5
16 S9.5*47.6
!6SS.2+67.1
1671 .3+50.1
1619.0+47.7
:574,955,3

1545. S+54.2
1533.8+f5],7

15 J1.9155.2
1514.0355.s
1545.0%4.7
15s7.3?73.0
1613.1379.1
J603.3+91.9
!537.7+!  in,.. .
:A3S.4*;  L7.

1360.65195.
1317.lk235.
133  S.1+83.5
1352.1  +95.1
138  S.5k139.

1120.0+19.  1407.0+145.
1050.0+5 1 .  1259.9+169.

9SS.(E75.  1171.25199.
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Approx. Height (km)
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